During the course of our search for biologically active glycosphingolipids from starfish, we have isolated cerebrosides, ceramide-lactosides, sulfatides, and gangliosides having some biological activities.
(FAM-2), and methyl 2-hydroxytetracosanoate (FAM-3). The major FAM was methyl 2-hydroxydocosanoate (FAM-1). On the other hand, in the GC-MS analysis of the TMS derivative of the LCB mixture, the LCB components were suggested to be 2-amino-1,3,4-heptadecanetriol (LCB-1) and 2-amino-1,3,4-octadecanetriol (LCB-2). LCB-2 was the major sphingoid.
The stereochemistry of the ceramide moiety was determined as follows. Compound 1 was hydrolyzed with 5% AcOH to give ceramide dihexoside (2) (Fig. 1) . Compound 2 showed the characteristic signals of phytosphingosine-type ceramide dihexoside possessing a 2-hydroxy fatty acid and a sugar moiety at C-1 in its 13 C-NMR spectrum (Table 1 Table 1) . The above fact and the optical rotations of 2 (ϩ11.9) and 3 (ϩ8.0) suggest that 2 must be ceramide lactoside and has the same absolute configuration as 3 for the core structure (C-2, C-3, C-4, C-2Ј, and lactose). Therefore, the absolute configuration of the ceramide part of the parent ganglioside 1 must be 2S, 3S, 4R, 2ЈR (Fig. 1) . Furthermore, 1 is thought to possess the normal 6) type of side chain, mainly, since the carbon atom signals due to the terminal methyl groups were observed at d 14.2 in the 13 C-NMR spectrum of 2. However, the existence of a small amount of the ante-iso 6) type of terminal methyl groups is conceivable since the terminal methyl groups were observed, although to a low degree, at d 11.5 and 19.3.
Next, the structure of the sugar moiety of 1 was examined. Since the presence of lactosyl ceramide moiety was already mentioned, the linear carbohydrate sequence of 1 must be NeuGc→NeuGc→NeuGc→b-Galp-(1→4)-b-Glcp. Methylation of 1 according to the Hakomori method 7) afforded the permethylated product 4. Partially methylated alditol acetates prepared from 4 were analyzed by GC-MS and identified as the alditols derived from 4-linked hexopyranose (S-1) and 3-linked hexopyranose (S-2) (Fig. 1) . acid part was characterized as follows. Since 1 was thought to possess a methoxy group in its sialic acid residue like coexisting ganglioside LLG-3, pertrideuteromethylated product 5 was prepared and 5 was methanolyzed and then acetylated, and the acetates of partially trideuteromethylated sialic acid derivatives (S-3 and S-4) were analyzed by GC-MS to give characteristic fragment ion peaks (Fig. 2) , indicating the presence of terminal 8-O-Me NeuGc and 11-linked NeuGc at the ratio of ca. 1 : 2.
On the basis of the above evidence, the pentasaccharide moiety of 1 must be 8
The configurations of the sialic acids were determined as follows. Compound 1 was converted to a methyl ester derivative (6), 8) because 1 was difficult to dissolve in the solvents and revealed very low resolution in the measurement of NMR spectra. The 13 C-NMR spectrum of 6 showed five anomeric carbons at dϭ99.6, 99.6, 100.0, 105.0, and 105.7, three of which (dϭ99.6, 99.6, 100.0) were quaternary carbon signals arising from the sialic acids. The configurations of the sialic acids were regarded to be a, on the basis of their anomeric carbon signals. 9) Consequently, if NeuGc is assumed to belong to the most commonly found D series, then LLG-
noside of a ceramide composed of heterogeneous phytosphingosine and n-2-hydroxy fatty acid units. The major components of the fatty acid and long-chain base moiety of 1 are n-(2R)-2-hydroxydocosanoic acid and (2S,3S,4R)-2-amino-1,3,4-octadecanetriol, respectively (Fig. 1) .
The effects of LLG5 (1) and LLG-3 on the neuritogenesis of a rat pheochromocytoma cell line (PC-12) have been investigated. The results showed that they displayed neuritogenic activity in the presence of nerve grouth factor (NGF). The proportion of cells with neurites longer than the diameter of the cell body of 1 and LLG-3 at a concentration of 10 mM was 59.3 and 63.1% when compared with the control (NGF, 5 ng/ml: 20.6%). Furthermore, their effect was greater than that of the mammalian ganglioside GM 1 (47.0%).
To the best of our knowledge, this is the first isolation and characterization of a trisialo-ganglioside from Asteroidea. Furthermore, 1 is a new ganglioside molecular species containing a 2→11 linked trisialosyl moiety. The isolation and characterization of such neuritogenically active gangliosides is attracting considerable attention with regard to the manufacture of new medicines from marine natural products. Separation of LLG-5 (1) Whole bodies of the starfish Linckia laevigata (wet weight 18 kg), collected at Okinawa, Japan, in May 1995, were chopped and extracted with CHCl 3 /MeOH (1 : 3, 15 l) followed by further extraction with CHCl 3 /MeOH (1 : 2, 12 l, two times). The combined extracts were concentrated in vacuo to give a condensed extract (1 l). The extract was added to H 2 O (1 l) and extracted with AcOEt/n-BuOH (2 : 1, 1 l, three times) for separation of less polar lipids. The aqueous layer was further extracted with nBuOH saturated with H 2 O (500 ml, three times) to remove saponins, and the aqueous layer was concentrated in vacuo to give a brown-colored syrup (470 g). The brown syrup was added to 60% MeOH (2 l) and chromatographed over Cosmosil 140C18-PREP (reversed-phase) [solvent 60%, 80%, 100% MeOH, and CHCl 3 /MeOH (3 : 7)] to give four fractions. The crude polar glycosphingolipid fraction (100% MeOH and CHCl 3 /MeOH eluate, 3. Compound 1 (ca. 3 mg) was treated with NaH (20 mg) and CH 3 I (CD 3 I) (0.1 ml) in DMSO (1 ml 4 Compound 4 (1 mg) was heated with 90% HCOOH/10% CF 3 COOH (1 : 1) (1 ml) at 90°C for 12 h in a small-volume sealed vial, and the mixture was concentrated in vacuo. The residue was dissolved in H 2 O (2 ml), then 28% NH 3 aq. (two drops) and NaBH 4 (10 mg) were added to the solution. After standing at room temperature for 2 h, the reaction mixture was acidified with AcOH to pH 3.5 and concentrated in vacuo. H 3 BO 3 contained in the residue was removed by distillation with MeOH (three times). The residue was heated with Ac 2 O/C 5 H 5 N (1 : 1) (0.5 ml) at 70°C for 30 min, and the mixture was concentrated in vacuo. The residue was extracted with CHCl 3 , and the CHCl 3 layer was washed with H 2 O, dried (Na 2 SO 4 ), and the CHCl 3 solution was evaporated to give partially methylated alditol acetates. These acetates were subjected to GC-MS [column Methyl Esterification of 1 10 mg of 1 was dissolved in 1 ml of DMSO and 0.2 ml of MeI was added to this solution. After stirring for 1 h at room temperature, the reaction mixture was diluted with 10 ml of 50% MeOH and applied to RP-CC (cosmosil 140C 18 PREP) prewashed with 50% MeOH. The column was washed with 30 ml of 50% MeOH to remove CH 3 I and DMSO and then the esters were eluted with 30 ml of CHCl 3 -MeOH (1 : 1). The eluate was concentrated and purified by Si-CC (CHCl 3 : MeOH : H 2 O/6 : 4 : 0.5) to give 6, 13 C-NMR data (Table 1) . Biological Assay Neuritogenic activity of 1 and LLG-3 in PC-12 cells was observed according to a method previously reported. 10) 
